environment, sea surface deposition, and low net entrainment rates (3.6 _+ 1.7 mm s -•) from the free troposphere. Day/night measurements of select organic species (e.g., ethane, propane, C2C14) suggest that C1 atom concentrations in the vicinity of 105 molecules cm -3 may be present in the marine boundary layer in the early morning hours. This C1 atom abundance can only be rationalized if sea-salt aerosols release active chlorine (C12 or HOC1) to the gas phase when exposed to sunlight. These C1 atom concentrations, however, are still insufficient, and halogen chemistry is not likely to be an important contributor to the observed low 03.
Analysis of Measurements
Boundary Layer Table 1 0  2O  4O  6O  8O   I,  I  I  J__  I  _  __   lOO   I   2:30  2:40  2:50   ,  ,  I  ,  ,  ,  ,  I  ,  ,  ,  ß Table 2 lists the measured mean concentration of 03 together with that recorded concurrently for various precursors (i.e., NOx, CO, C•-C 7 hydrocarbons) and other relevant chemical species. Standard deviations and the total number of measurements are also indicated. All data presented in Table 2 were derived from merged files as noted. Concentrations of reactive nitrogen species (NO, NO2, HNO 3, and PAN) were extremely low and, as we shall see below, inhibited ozone production. It is likely that much of the available NOx is oxidized to HNO 3 and deposited on the ocean surface. Table 2 . The motive was to test any fast radical chemistry, especially C1 chemistry, that may occur in a short period of 2-3 hours. Some gaseous and aerosol halogen species were also measured by ion chromatographic analysis. Gaseous species were sampled using the mist chamber technique and aerosols by filtcr collcction [Talbot et al., 1990] . It is pointed out that while a substantial fraction of gaseous C1 is probably HC1, other molecules such as C12 or HOC1 may also be nonspecifically included. Table 3 lists the measured daytime and nighttime concentrations of gaseous C1, aerosol C1, and aerosol sodium (Na). On the average, C1/Na ratios measured were quite low and substantial degassification appears to have already occurred . The gaseous C1 shows a slight increase from 25-32 ppt at night to 31-49 ppt during daytime in the marine environment of M17 and a somewhat larger increase from 111-123 ppt at night to 156-240 ppt during the day over Hawaii (M20). As expected, the C1/Na ratio decreased for both M17 and M20 qualitatively in line with increasing gaseous C1, suggesting degassing of aerosol C1. 
OZONE (PPBV)

P(O•) = {ks[HO2] + k6[CH302] + k7[RO2]}[NO] --k4[H20][o•m] -{k9[HO2] 4-k•o[OH]}[O•] (2)
The brackets indicate the concentration of a species and k i values are the appropriate gas kinetic rate constants. In this model, P(O,0 is described as the difference between the formation (first term) and the loss (second and third terms) rates An attempt was made to estimate entrainment rates by using water vapor as an independent tracer, recognizing at the outset that PEM-West A provided insufficient direct data for this purpose. The rate of evaporation for calm sea conditions, that generally prevailed for the periods of interest, was obtained from the technique presented by Smith [1988] . Data needed at the sea surface were available from either direct DC-8 measurements (e.g., seawater temperature from radiometry) or extrapolated from the data collected at flight level using standard assumptions (e.g., logarithmic wind velocity profile). For M15-M18, calculated evaporation rates varied from 0.4 to 1.9 X 10 -6 g cm -2 s -•. The entrainment rate across the top of the boundary layer (Table 4) A difficulty with all these proposals is that halogen free radicals tend to quickly form relatively stable species (e.g., HC1, HI, HBr, HOBr) and in the absence of a mechanism for the rapid regeneration, significant free radicals concentrations cannot be sustained. Keene et al. [1990] have postulated that 0 3 and OH Stickel et al. [1992] .
?Equation (3) and data from Table 2 Day-night measurements shown in Table 2 (missions 17 and 20) provided an opportunity to assess the presence of C1 atom concentrations in the early morning hours in an indirect way. As shown in Table 5 , the reaction of C1 atoms with C3Hs, C2H2, C2C14, and dimethyl sulfide is extremely fast, and at 298 K, some 237, 145, 64, 241, and 67 times faster than their corresponding OH rate, respectively. These five chemicals were provisionally selected as the best potential indicators of C1 atom concentrations.
It is reasonable to assume that DMS concentrations (and those of alkenes) were influenced by its proximate oceanic source, making it a less reliable molecule for this purpose. We assume that the source of the selected alkanes from seawater in this region is either nonexistent or extremely small [Singh and Zimmerman, 1992] . Measurable losses in C2H 6 (1.3 to 2.5%), C3Hs (13-16%), C2H 2 (12-28%) and C2C14 (9-12%) were seen over a 2-hour period after sunrise. Nighttime/daytime differences were normalized to CO concentrations, as it is expected to be inert over these timescales and can be used to normalize meteorological processes such as mixing. C1 atom concentrations ([C1]) were calculated using (3). Additional insight into the processes that may lead to C1 formation can be gained from the analysis of data in Table 3 . First of all, gaseous C1 levels are relatively low at all times. There is no indication of extremely high C12 (it is estimated that at least 50% of C12 would be collected) concentrations or a large pulse of HC1 in the morning hours, as proposed by Keene et al. [1990] . Night-day comparisons show that the C1/Na ratio declines by about 10% during M17 and 25% during M20, indicating a substantial loss of aerosol chlorine. Coincident with this aerosol C1 loss, a gain in gaseous C1 was observed. This diurnal loss of C1 is intriguing, although similar behavior for Br has been previously reported [Rancher and Kritz, 1980] . Since acidification of marine aerosol is thought to be the principle mechanism for the release of gaseous C1 (thought to be largely HC1), this diurnal behavior may be attributed to the rapid formation of HNO 3 or H2SO 4. However, available NOr and SO2 data do not support rapid acid formation. This would . Thus it appears that fast halogen chemistry probably occurs but is not likely to be a major factor behind these observed low tropical 03 concentrations.
Conclusions
PEM-West A measurements in the tropical Pacific Ocean during October 1991 confirm the existence of an ozone minimum in the remote marine boundary layer. It is also shown that layers of high concentration ozone from the upper tropospheric ozone-rich air are often trapped in the tropical and equatorial boundary layer in that region. Model computations suggest that the low ozone concentrations in the remote marine boundary layer of the tropical Pacific Ocean are the result of photochemical destruction in a low nitric oxide environment, sea surface deposition, and relatively low net entrainment rates from the free troposphere. Although substantial chlorine atom concentrations may exist in the tropical marine boundary layer, halogen-initiated photochemistry is not likely to be a major factor in creating the observed low ozone concentrations.
